Introduction
The research efforts to find new primary explosives as replacements for lead azide have been intense in recent years. The major driving force for this work is the high human and environmental toxicity of lead [1 -3] . Therefore, a green primary explosive is sought.
Lead azide has been commonly used as a primary explosive since it replaced mercury fulminate in the early 20 th century. It has however, limitations beyond the high toxicity of its lead content. In particular, lead azide is degraded by carbon dioxide and moisture to form toxic hydrazoic acid gas, and lead azide can also detonate during its preparation if the conditions are not rigorously controlled [4, 5] . While Fig. 1 . Schematic formula of copper(I) 5-nitrotetrazolate (DBX-1). The formula drawing with non-linar geometry at Cu is based on the molecular structure in the crystal which features additional Cu-N bonds [14] . a variety of both existing and new energetic materials have been studied as prospective lead azide replacements including silver azide [5 -8] , diazodinitrophenol (DDNP) [9 -11] , calcium nitrimino-tetrazolate [12] , copper chlorotetrazolate [6] , and copper(II) coordination complexes of the 5-nitrotetrazolate anion [13] , all of them have limitations preventing their widespread use. Recently reported copper(I) 5-nitrotetrazolate (DBX-1; Fig. 1 ) [14, 15] differs in that it functions in many cases as a 'drop-in' replacement for lead azide, requiring no redesign to manufactured explosive devices beyond the use of DBX-1 as a volumetric replacement for lead azide. As a result of its similar safety and initiation abilities compared to lead azide, DBX-1 is one of the most promising lead azide replacements to date.
DBX-1 appears to react fairly readily with NaIO 4 in the primer mix to give a light-green complex, which presumably results from the oxidation of the Cu(I) to Cu(II) followed by ligand coordination (water, hydroxyl, additional nitrotetrazoles and/or something else). We intended to investigate and elucidate this reaction behavior.
Results and Discussion
Copper(I) 5-nitrotetrazolate (DBX-1) was reacted with sodium periodate (2 mole equivalents DBX-1 with one mole equivalent NaIO 4 ) in a 1 : 1 H 2 Oisopropanol mixture while being exposed to ultrasound. The overall reaction can best be described according to Eq. (1). Remaining traces of sodium nitrotetrazolate were washed out with water from the product mixture, and green copper(II)iodate was identified by IR spectroscopy (Figs. 2, 3 ; Table 1 ). All analytical tests for the presence of Cu(I) (addition of 2,2 -bipyridyl) and iodide (addition of starch or peroxomonosulfate) in the product mixture were negative.
Cu
+ + IO 4 − + 2 H + → 2 Cu 2+ + IO 3 − + H 2 O (1)
Conclusion
From this experimental study the following conclusions can be drawn: Fig. 3 (color online) . IR spectra. Trace 1 (upper trace): analytically pure Cu(IO 3 ) (ABCR); trace 2 (lower trace): green reaction product after washing with water. For an assignment see Table 1 .
• The reaction of DBX1 with sodium periodate yields a green precipitate of copper (II) iodate.
• The energetic nitrotetrazolate anion is removed into the aqueous phase during rinsing, leaving only nonexplosive copper(II) iodate.
• The use of oxidizing components in DBX-1 formulations may be limited due to the readiness of copper(I) to be oxidized to copper(II).
Experimental Section

Reaction of DBX-1 with NaIO 4
Copper(I) 5-nitrotetrazolate (DBX-1; 0.50 g, 2.8 mmol) was reacted with 0.30 g (1.4 mmol) of NaIO 4 at room temperature in an open glass beaker in 25 mL of a waterisopropanol mixture. The reaction mixture was exposed to ultrasound for 15 min and allowed to stir for 12 h over night. The green precipitate which formed was filtered off with a Buchner funnel and washed three times with water. The remaining insoluble dried green reaction product (Fig. 2) was identified by IR spectroscopy (Fig. 3) 
